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Experimental 

Crystal data 

C31H37CIN4O3 
M, = 549.10 
Triclinic, PI 
a = 9.661 (3) A 
b = 12.422 (4) A 
c = 14.007 (4) A 
a = 72.110 (5)° 
= 82.697 (6)° 



Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Slieldrick, 1997) 
Tn,in = 0.943, r„„^ = 0.984 

Refinement 

R[F^ > 2a(F^)] = 0.054 

wR{F^) = 0.182 

5 = 1.09 

5241 reflections 

386 parameters 



Y = 70.184 (5)° 

V = 1504.4 (8) A' 
Z = 2 

Mo Ka radiation 
jU = 0.16 mm^' 
r = 298 K 

0.30 X 0.10 X 0.10 mm 



9954 measured reflections 
5241 independent reflections 
3801 reflections with / > 2o-(/) 
Ri„, = 0.033 



42 restraints 

H-atom parameters constrained 
Ap„„, = 0.35 e A"' 



-0.26 e A" 



In the title compound, C31H37CIN4O3, the fused rings of the 
pyrrolo[3,2-rf]pyrimidine system form a dihedral angle of 
5.80 (11)°. The phenyl and benzene rings are twisted with 
respect to the mean plane of the pyrrolo[3,2-d]pyrimidine 
system [maximum deviation = 0.077 (2) A], making dihedral 
angles of 61.05 (12) and 75.39 (10)°, respectively. The ethoxy 
group is disordered over two positions with the site-occupancy 
ratio fixed at 0.54:0.46. In the crystal, molecules are linked via 
C— H- ■ O hydrogen bonds, forming a two-dimensional 
network lying parallel to the ab plane. There are also tt-jt 
[centroid-centroid distances = 3.5954 (17) and 3.965 (2) A] 
and C— H- ■ -tt interactions present. 

Related literature 

The title compound may be used as a precursor for obtaining 
bioactive molecules, see: Otmar et al. (2004). For the biological 
activity of pyrrolopyrimidine derivatives, see: Pudziuvelyte et 
al. (2009); Kamath et al. (2009). For related structures, see: He 
et al. (2007a,b). 




Table 1 

Hydrogen-bond geometry (A, °). 



Cg2 and Cg3 are 


tlie centroid of 


tlie N1,N2,C7-C10 and 


C1-C6 rings, 


respectively. 










D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C3-H3-03' 


0.93 


2.57 


3.469 (3) 


162 


C21-H21-03" 


0.93 


2.52 


3.375 (3) 


153 


C24-H24- ■ 01"' 


0.93 


2.58 


3.262 (4) 


131 


CU-miA- ■ CgJ 


0.97 


2.77 


3.478 (4) 


131 


C15-m5A- ■ Cgl'" 


0.96 


2.86 


3.683 (4) 


144 


Symmetry codes: (i) - 


-X, -y, -z + 1; (ii) - 


-X — 1, — y, 


-z + 1; (iii) -.V, 


-y-l,-z-l-l; 



(iv) ;r -I- 1, y, z. 

Data collection: APEX2 (Bruker, 2001); cell refinement: SAINT- 
Plus (Bruker, 2001); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 

The authors are grateful to Dr X. G. Meng (Key Laboratory 
of Pesticides & Chemical Biology of the Ministry of Educa- 
tion, Central China Normal University, Wuhan, Hubei, China) 
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by the Educational Commission of Hubei Province of China 
(No. Q20122509) and the Doctoral Start-up Foundation of 
Hubei University of Arts and Science. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: SU2435). 
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Acta Cryst. (2012). E68, ol990-ol991 [doi:10.1107/S1600536812024609] 

Ethyl 3-(4-chlorophenyl)-2-(dipentylamino)-4-oxo-5-phenyl-4,5-dihydro-3H- 
pyrrolo[3,2-c/lpyrimidine-7-carboxylate 

Ping He, Qin-Qin Wan and Quan-Lei Liao 

Comment 

The title compound may be used as a precursor for obtaining bioactive molecules (Otmar et al, 2004). The biological 
activity of pyrrolopyrimidine derivatives, such as anticancer activity and potent purine nucleoside phosphorylase 
inhibitors, have been described by (Pudziuvelyte et al., 2009 and Kamath et al, 2009). As a part of our ongoing work on 
the preparation of derivatives of heterocyclic compounds, such as carbonitrile substituted pyrrolo[3,2-d]pyrimidine 
derivatives (He et al, 2007 a,b), we have synthesized the title compound, and report herem on its crystal structure. 

In the title molecule. Fig. 1, the two rings (N3,C8,C9,C31,C21 and N1,N2,C7-C10) of the pyrrolo[3,2-t/]pyrimidine 
moiety are nearly coplanar, with a dihedral angle of 5.80 (11)°. The phenyl ring (C22-C27) and the benzene ring (C1-C6) 
are inclined to the mean plane of the pyrrolo[3,2-if|pyrimidine moiety [maximum deviation 0.077 (2) A for atom C9] by 
61.05 (12) and 75.39 (10)°, respectively. 

In the crystal, molecules are linked by weak intramolecular C — H---0 hydrogen bonds forming a two-dimensional 
network lying parallel to the ab plane (Table 1 and Fig. 2). There are also C-H-tt interactions (Table 1) and ti-ti 
interactions present. The latter involve mversion related pyrrolo[3,2-cr|pyrimidme moieties [Cgl— Cg2' 3.5954 (17) A; 
Cgl centroid of the N3,C8,C9,C21,C31 ring; Cg2 centroid of the N1,N2,C7-C10 rmg; symmetry code: (i) -x, -y, -z+1], 
and inversion related phenyl rings [Cg4— Cg4" 3.965 (2) A; perpendicular separation 3.5830 (13) A, slippage 1.699 A; 
Cg4 is the centroid of the C22-C27 rmg; symmetry code: (ii) -x, -y-1, -z+1]. 

Experimental 

To a solution of diethyl l-phenyl-3- ((triphenylphosphoranyHdene)amino)-lH-pyrrole-2,4-dicarboxylate (1.69 g, 3 mmol) 
in dry methylene dichloride (15 mL) was added 4-chlorophenyl isocyanate (0.46 g, 3 mmol) under nitrogen at room 
temperature. After the reaction mixture was left to stand for 6 h at 273-278 K, the solvent was removed under reduced 
pressure and ether/petroleum ether (1:2, 12 mL) was added to precipitate triphenylphosphine oxide. After filtration, di- 
pentylamine (0.47 g, 3 mmol) and anhydrous ethanol (15 mL) were added to the solution. The reaction mixture was 
allowed to stand for 3 h, then the solvent was removed and anhydrous ethanol (10 ml) with several drops of EtONa in 
EtOH was added. The mixture was stirred for 1 h at room temperature. The solution was concentrated under reduced 
pressure and the residue was recrystallized from ethanol to give the title compound. It was recrystallized from 
ethanol/methylene dichloride (1:1; v:v) at room temperature to give colourless block-like crystals suitable for X-ray 
diffraction analysis. 

Refinement 

C-bound H-atoms were included in calculated positions and tteated as riding atoms: C-H = 0.93, 0.97 and 0.96 A for CH, 
CH2, and CH3 H-atoms, respectively, with Uiso(H) = k x Ueq(C), where k = 1.5 for CH3 H-atoms, and =1.2 for all other H- 
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atoms. The ethoxy group (atoms O2,C29,C30 & O2',C29',C30') is disordered over two positions; the site occupancies 
were finally fixed at 0.54 and 0.46. 

Computing details 

Data collection: APEX2 (Bruker, 2001); cell refinement: SAINT-Plus (Bruker, 2001); data reduction: SAINT-Plus (Bruker, 
2001); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: PLATON {S^ek, 2009); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 




Figure 1 

The molecular structure of the title compound, showing the atom-labeling. The displacement ellipsoids are drawn at the 
30% probability level. Only the major component of the disordered ethoxy group (atoms O2,C29,C30) are shown. 
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Figure 2 

A view along the b axis of the crystal packing in the title compound. The C-H - 0 hydrogen bonds are shown as dashed 
lines (see Table 1 for details). 

Ethyl 3-(4-chlorophenyl)-2-(dipentylamino)-4-oxo-5-phenyl-4,5-dihydro- 3H-pyrrolo[3,2-c/]pyrimidine-7- 
carboxylate 



Crystal data 

C31H37CIN4O3 
M,= 549.10 
Triclinic, PI 
Hall symbol: -P 1 
fl = 9.661 (3) A 
b = 12.422 (4) A 
c = 14.007 (4) A 
a = 72.110 (5)° 
82.697 (6)° 
7 = 70.184 (5)° 
F= 1504.4 (8) h? 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
(p and CO scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1997) 



Z=2 

P(000) = 584 
Z),= 1.212 Mgm-3 
Mo Ka radiation, 1 = 0.71073 A 
Cell parameters from 3181 reflections 
e = 2.4-26.4° 
= 0.16 mm ' 
r=298 K 
Block, colourless 
0.30 X 0.10 X 0.10 mm 



9954 measured reflections 
5241 independent reflections 
3801 reflections with/> 2c7(/) 
Rm = 0.033 

^max = 25.0°, 9,j,i„ = 1 .5° 



0.943, 



0.984 



A = -11^10 
/ = -16^16 



Refinement 

Refinement on 

Least-squares matrix: full 

R[I^ > 2c7(7^)] = 0.054 

>vi?(i^) = 0.182 

S= 1.09 

5241 reflections 

386 parameters 

42 restraints 



Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 



Acta Cryst. (2012). E68, o1990-o1991 



sup-3 



supplementary materials 



w = llia'iF,^) + (0.1048P)2 + O-ieOSP] 
where P = (i^o' + 2Fc2)/3 

(A/<T)n^= 0.001 

Apmax = 0.35 e 
Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defmed by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted i?- factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative The threshold expression of 7^ > a^F'-) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


r/- */r/ 


CI 


0.5649 (3) 


-0.2757 (2) 


0.17362 (19) 


0.0605 (7) 


C2 


0.5823 (3) 


-0.2786 (2) 


0.27016 (19) 


0.0621 (7) 


H2 


0.6727 


-0.3194 


0.3008 


0.075* 


C3 


0.4628 (3) 


-0.2197 (2) 


0.32125 (18) 


0.0535 (6) 


H3 


0.4721 


-0.2216 


0.3871 


0.064* 


C4 


0.3302 (2) 


-0.15846 (19) 


0.27457 (16) 


0.0427 (5) 


C5 


0.3144 (3) 


-0.1581 (2) 


0.17863 (18) 


0.0562 (6) 


H5 


0.2240 


-0.1178 


0.1479 


0.067* 


C6 


0.4326 (3) 


-0.2176 (3) 


0.1273 (2) 


0.0647 (7) 


H6 


0.4223 


-0.2181 


0.0623 


0.078* 


C7 


0.1369 (2) 


0.02435 (19) 


0.29938 (16) 


0.0423 (5) 




-fl 0692 (I'i 


0 00511 CIS"! 


0 39051 CI 5"> 


0 0381 rs"! 


C9 


-0.0072 (2) 


-0.11672 (18) 


0.42804(15) 


0.0390 (5) 


CIO 


0.1361 (2) 


-0.17963 (19) 


0.39785 (16) 


0.0433 (5) 


Cll 


0.3656 (3) 


0.0775 (2) 


0.25637 (19) 


0.0551 (6) 


HllA 


0.3991 


0.0072 


0.3128 


0.066* 


HUB 


0.3620 


0.1463 


0.2768 


0.066* 


C12 


0.4759 (3) 


0.0666 (3) 


0.1695 (2) 


0.0673 (7) 


H12A 


0.4629 


0.0104 


0.1390 


0.081* 


H12B 


0.4550 


0.1435 


0.1192 


0.081* 


C13 


0.6346 (3) 


0.0259 (3) 


0.1994(2) 


0.0791 (9) 


H13A 


0.6489 


-0.0405 


0.2600 


0.095* 


H13B 


0.6529 


0.0905 


0.2154 


0.095* 


C14 


0.7479 (3) 


-0.0127(4) 


0.1196 (3) 


0.0934(11) 


H14A 


0.7158 


-0.0627 


0.0920 


0.112* 


H14B 


0.7497 


0.0578 


0.0655 


0.112* 


C15 


0.8970 (4) 


-0.0774 (4) 


0.1548 (3) 


0.1099(13) 


H15A 


0.9267 


-0.0326 


0.1886 


0.165* 


H15B 


0.9627 


-0.0886 


0.0986 


0.165* 


H15C 


0.9000 


-0.1537 


0.2004 


0.165* 


C16 


0.1306 (3) 


0.2113 (2) 


0.1768 (2) 


0.0593 (7) 


H16A 


0.1981 


0.2542 


0.1420 


0.071* 


H16B 


0.0733 


0.2519 


0.2249 


0.071* 



Occ. (<1) 



AyOmin = -0.26 e A ' 

Extinction correction: SHELXL97 (Sheldrick, 

2008), Fc*=kFc[l+0.001xFc2A3/sin(2(9)]-'"' 
Extinction coefficient: 0.029 (4) 
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C17 


0.0288 (4) 


0.2168 (3) 


A 1 A-^ ^ /T\ 

0.1022 (2) 


0.0765 (8) 




T I 1 T A 

HI /A 




A 1 TA 1 
0.1/01 


0.13o4 


A A AO* 

0.09z^ 




H17B 


0.0868 


A 1 TAA 

0.1799 


A AC*>A 

0.0520 


0.092* 




C18 


-0.0650 (4) 


f\ A A'> /'>\ 

0.3403 (3) 


0.0502 (3) 


A AA'^A /I 1 \ 

0.0929 (11) 




T T 1 O A 

HloA 


A A A 1 1 


A O OiCJ 

U.386J 


A A 1 /I A 

u.ui4y 


Alii* 
(J.lll 




H18B 


—0.1211 


0.3776 


0.1006 


0.111* 




C19 


-0.1715 (7) 


0.3471 (4) 


A A'^ A'y /' A\ 

-0.0243 (4) 


0.157 (2) 




H19A 


-0.1143 


A T A O A 

0.3089 


A AT /I A 

-0.0740 


A 1 O A rfs 

0.189* 




XJ1 OD 


— U.2j4U 


A 1AAA 


A A1 1 C 

(J.Ui 15 


n 1 OA* 

u.loy 




C20 


-0.2658 (8) 


0.4638 (5) 


-0.0773 (5) 


A 1 OT \ 

0.187 (3) 




H2UA 


— U.3324 


A A C\C\A 

o,4yy4 


A A'3A'3 

—0.0303 


A OO 1 * 

0.281 




HZUts 


A lOAA 


A /I C C O 


— 0. IZJ / 


A T O 1 * 

0.281 




H2UC 


—0.2067 


A C 1 T ,1 

0.5134 


A 1 1 1 A 

-0.1110 


A O O 1 * 

0.281* 






—0.2369 (2j 


A ATI O/l /I A\ 

—0.0/124 (ly) 


0.48391 (16) 


A A/1 A 1 

0.0441 (5) 




H21 


-0.3270 


-0.0786 


0.5160 


0.053* 






— O.Uyo4 (z) 


— O.zodOz (19) 


A CI AO C / 1 £i\ 

0.53985 (lo) 


A A /I 'J /C\ 

0.043O (5) 




C23 


—0.1896 (3) 


A TTAA /'^\ 

-0.3390 (2) 


0.5213 (2) 


0.0607 (7) 




H2j 


—0.2614 


— 0.2y64 


0.4/32 


A ATI * 
0.0/3* 




C24 


A 1 T7 1 / /I \ 

-0.1771 (4) 


-0.4547 (3) 


A C TO /I \ 

0.5732 (3) 


A AT7/1 /A\ 

0.0774 (9) 




H24 




—0.491 / 


A C C AO 

0.55y8 


A AA1 * 

0.093^ 




C25 


—0.0728 (4) 


—0.5153 (3) 


0.6453 (3) 


A {\0 A T /I 1 \ 

0.0847 (11) 






— 0.0o38 


A CA'3n 

— 0.D939 


A /CO 1 

0.6813 


O.lOz^ 




C26 


A AlOzT 

0.0186 (4) 


— 0.4d1z (3) 


0.6650 (2) 


0.(1/5 / (8) 




Hzo 


A AOOO 


A CA1 1 

—0.5031 


A T 1 /I 

0. / 146 


A AA 1 * 
0.091 




C27 


A AAOA 

0.0080 (3) 


-0,3454 (2) 


0.61195 (18) 


0.0564 (6) 




H27 


0.0705 


A O AO A 

-0.3089 


0.6247 


A A/" O rfs 

0.068* 




C28 


A n 1 /I \ 

-0.3371 (3) 


0.1472 (2) 


A /IITCO /1 0\ 

0.41352 (18) 


A AC 1 1 ^ £1\ 

0.0513 (6) 




02 


-0.3074 (8) 


A O A 

0.2389 (6) 


0.3374 (4) 


A ACTA ^^ ii\ 

0.0579 (16) 


0.54 


C29 


—0.4238 (12) 


A 'iCO /A\ 

0.3582 (9) 


A '> 1 A-O /0\ 

0.3102 (8) 


A 1 A/C 

0.106 (3) 


f\ C A 

0.54 


H29A 


-0.5180 


0.3480 


0.3066 


0.127* 


0.54 


HZya 


A Af\r\A 

—0.4004 


A y1 AC /I 

0.4U54 


A T /I /I O 

0.2448 


A 1 OT* 
0.12 /* 


f\ Z A 

0.54 




A A'i'iC /I A\ 

—0.433d (10) 


0.4226 (8) 


A '> OT A in\ 

0.38/9 (/) 


A 1 O O /'5 A 

0.128 (3) 


A ZA 

0.54 


H30A 


A A''7Ai 

—0.4741 


0.3836 


A /I /I AT 

0.4497 


A 1 A'J * 

0.193* 


f\ C A 

0.54 


H30B 


-0.4957 


0.5038 


0.3643 


A 1 AT * 

0.193* 


0.54 




All iZCi 

— 0.33oy 


0.4zl3 


A 1 AA 1 

0.3991 


A 1 AO * 

0.193^ 


A C /I 

0.54 


02 


A '^OA^ /A\ 

-0.2896 (9) 


0.2395 (7) 


0.3724 (5) 


A ACO A /I 0\ 

0.0584 (18) 


0.46 


C29 


—0.4027 (9) 


0.3551 (6) 


0.3531 (7) 


A ATA 

0.070 (2) 


0.46 


H29C 


-0.3579 


0.4150 


0.3506 


A AO >1 * 

0.084* 


0.46 


HZyu 


A /mo 
— 0.4/38 


A '3 C yl A 

0.354U 


A A AOT 
0.4l)8 / 


A AO /I * 

0.084* 


0.46 


C3(J 


—0.4826 (14) 


A AAT /I 0\ 

0.390/ (12) 


0.25/1 (9) 


0.14/ (5) 


A yl /C 
0.46 


rljUU 


A /I 1 

— U.412 / 


A 1 O/^O 

u.jsoy 


A T AO 1 

U.2Uzl 


A OOA* 

U.22U 


A /I /C 

U.4o 


1 1 -) / \ 1 ■ 

H3U11 


A C yl AO 

— 0.54y2 


0.4 /U/ 


A O yl /C 1 

0.2461 


A O O A* 

0.22U 


t\ A ^ 

0.46 


TUT '5 ATT 


—0.53 / I 


0.33 /3 


0.262U 


A OOA* 

0.22U 


A /I 

0.46 


C31 


A O 1 OA 

— U.zl8L) (2) 


A A'} /I "70 /I A\ 

U.034 /8 (ly) 


A -1 OTO 1 /I /C\ 

0.42 /81 (16) 


AA/I11 /C\ 

U.U411 (5) 




cu 


0.71506 (9) 


-0.34780 (9) 


0.10790 (6) 


0.1034(4) 




Nl 


0.20328 (18) 


-0.09956 (15) 


0.32853 (13) 


0.0417 (4) 




N2 


0.00551 (19) 


0.07781 (15) 


0.32903 (13) 


0.0431 (4) 




N3 


-0.11308 (19) 


-0.16311 (15) 


0.48561 (13) 


0.0413 (4) 




N4 


0.2161 (2) 


0.09019 (17) 


0.23112(15) 


0.0512(5) 
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01 


0.19808 (19) 


-0.28622 (14) 


0.41939 (15) 


0.0648 (5) 




03 


-0.45802 (18) 0.15757(16) 


0.45300 (16) 


0.0703 (5) 




Atomic displacement parameters (A^) 






T 799 

u 




r t19 




T 791 


CI 


0.0476 (14) 


0.0637 (15) 


0.0541 (15) 


-0.0005 (12) 


0.0113 (12) 


-0.0183 (12) 


C2 


0.0411 (13) 


0.0717(17) 


0.0558 (15) 


0.0019(12) 


-0.0012 (11) 


-0.0154(13) 


C3 


0.0415 (13) 


0.0670 (15) 


0.0436(13) 


-0.0068 (11) 


0.0010(10) 


-0.0163 (11) 


C4 


0.0345 (11) 


0.0458 (12) 


0.0445 (12) 


-0.0110(9) 


0.0078 (9) 


-0.0135 (9) 


C5 


0.0399 (13) 


0.0698 (16) 


0.0522 (14) 


-0.0059 (12) 


-0.0021 (11) 


-0.0203 (12) 


C6 


0.0595 (16) 


0.0802 (18) 


0.0487 (14) 


-0.0088 (14) 


0.0040 (12) 


-0.0276 (13) 


C7 


0.0392 (12) 


0.0435 (12) 


0.0435 (12) 


-0.0148 (10) 


0.0068 (9) 


-0.0126 (10) 


C8 


0.0326(11) 


0.0432 (11) 


0.0381 (11) 


-0.0124 (9) 


0.0029 (9) 


-0.0120 (9) 


C9 


0.0357 (11) 


0.0428 (11) 


0.0403 (11) 


-0.0149 (9) 


0.0054 (9) 


-0.0141 (9) 


CIO 


0.0375 (12) 


0.0421 (12) 


0.0500(13) 


-0.0132 (10) 


0.0081 (10) 


-0.0158 (10) 


Cll 


0.0529 (14) 


0.0643 (15) 


0.0544 (14) 


-0.0298 (12) 


0.0105 (11) 


-0.0178 (12) 


C12 


0.0478 (15) 


0.098 (2) 


0.0561 (15) 


-0.0347 (15) 


0.0102 (12) 


-0.0143 (14) 


C13 


0.0550 (17) 


0.114(3) 


0.0741 (19) 


-0.0374 (17) 


0.0087 (14) 


-0.0274(18) 


C14 


0.0560 (19) 


0.139 (3) 


0.086 (2) 


-0.035 (2) 


0.0066 (16) 


-0.032 (2) 


C15 


0.067 (2) 


0.131 (3) 


0.130(3) 


-0.013 (2) 


-0.009 (2) 


-0.052 (3) 


C16 


0.0582 (15) 


0.0456 (13) 


0.0661 (16) 


-0.0190(11) 


0.0189(13) 


-0.0103 (12) 


C17 


0.093 (2) 


0.0589 (16) 


0.0670 (18) 


-0.0211 (16) 


0.0017(16) 


-0.0077 (14) 


C18 


0.084 (2) 


0.076 (2) 


0.089 (2) 


-0.0084 (18) 


0.0040(19) 


-0.0038 (18) 


C19 


0.205 (6) 


0.094 (3) 


0.153 (4) 


-0.018 (3) 


-0.092 (5) 


-0.007 (3) 


C20 


0.201 (7) 


0.140 (5) 


0.179 (6) 


0.001 (5) 


-0.075 (5) 


-0.021 (4) 


C21 


0.0331 (11) 


0.0511 (13) 


0.0473 (12) 


-0.0131 (10) 


0.0070 (9) 


-0.0164 (10) 


C22 


0.0409 (12) 


0.0422 (12) 


0.0459 (12) 


-0.0146 (10) 


0.0126(10) 


-0.0137(10) 


C23 


0.0484 (14) 


0.0561 (15) 


0.0821 (18) 


-0.0209 (12) 


0.0093 (13) 


-0.0254 (14) 


C24 


0.0684(19) 


0.0572 (17) 


0.113 (3) 


-0.0324 (15) 


0.0261 (19) 


-0.0305 (18) 


C25 


0.095 (3) 


0.0448 (15) 


0.098 (2) 


-0.0232 (17) 


0.041 (2) 


-0.0140 (16) 


C26 


0.077 (2) 


0.0582 (16) 


0.0685 (18) 


-0.0071 (15) 


0.0071 (15) 


-0.0047 (14) 


C27 


0.0552 (15) 


0.0511 (14) 


0.0564 (15) 


-0.0133 (12) 


0.0000 (12) 


-0.0108(12) 


C28 


0.0393 (13) 


0.0509 (13) 


0.0595 (14) 


-0.0110(10) 


0.0029(11) 


-0.0154(11) 


02 


0.048 (2) 


0.045 (2) 


0.057 (3) 


0.0009 (17) 


0.004 (2) 


0.000 (2) 


C29 


0.099 (5) 


0.114(5) 


0.090 (5) 


-0.017 (4) 


0.005 (4) 


-0.032 (4) 


C30 


0.113 (5) 


0.118(4) 


0.155 (5) 


-0.047 (4) 


0.000 (4) 


-0.030 (4) 


02' 


0.050 (3) 


0.047 (3) 


0.067 (4) 


-0.009 (2) 


-0.001 (3) 


-0.009 (3) 


C29' 


0.070 (4) 


0.045 (3) 


0.083 (4) 


-0.003 (3) 


0.004 (3) 


-0.020 (3) 


C30' 


0.136(6) 


0.146 (6) 


0.138(6) 


-0.034 (4) 


-0.012 (4) 


-0.020 (4) 


C31 


0.0333 (11) 


0.0461 (12) 


0.0425 (12) 


-0.0104 (9) 


0.0030 (9) 


-0.0145 (10) 


Cll 


0.0746 (6) 


0.1193 (7) 


0.0770 (6) 


0.0211 (5) 


0.0203 (4) 


-0.0398 (5) 


Nl 


0.0322 (9) 


0.0423 (10) 


0.0477 (10) 


-0.0110(8) 


0.0104 (8) 


-0.0143 (8) 


N2 


0.0383 (10) 


0.0431 (10) 


0.0475 (10) 


-0.0141 (8) 


0.0073 (8) 


-0.0144 (8) 


N3 


0.0349 (10) 


0.0448 (10) 


0.0446(10) 


-0.0155 (8) 


0.0069 (8) 


-0.0130 (8) 


N4 


0.0424(11) 


0.0473 (11) 


0.0584 (12) 


-0.0172 (9) 


0.0126 (9) 


-0.0096 (9) 


01 


0.0516(10) 


0.0408 (9) 


0.0872 (13) 


-0.0099 (8) 


0.0225 (9) 


-0.0123 (8) 


03 


0.0378 (10) 


0.0626(11) 


0.0981 (14) 


-0.0077 (8) 


0.0183 (9) 


-0.0224 (10) 
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Geometric parameters (A, °) 


CI— C6 


1.369(4) 


CI— C2 


1.372 (4) 


CI— CU 


1.743 (2) 


C2— C3 


1.386 (3) 


C2— H2 


0.9300 


C3— C4 


1.376 (3) 


C3— H3 


0.9300 


C4— C5 


1.370 (3) 


C4— Nl 


1.451 (3) 


C5— C6 


1.382 (3) 


C5— H5 


0.9300 


C6— H6 


0.9300 


C7— N2 


1.300 (3) 


C7— N4 


1.388 (3) 


C7— Nl 


1.399 (3) 


C8— N2 


1.373 (3) 


C8— C9 


1.379 (3) 


C8— C31 


1.429 (3) 


C9— N3 


1.390 (3) 


C9— CIO 


1.423 (3) 


CIO— 01 


1.211 (3) 


CIO— Nl 


1.428 (3) 


Cll— N4 


1.476 (3) 


Cll— C12 


1.519(3) 


Cll— HUA 


0.9700 


Cll— HUB 


0.9700 


C12— C13 


1.513 (4) 


C12— H12A 


0.9700 


C12— H12B 


0.9700 


C13— C14 


1.531 (4) 


C13— H13A 


0.9700 


C13— H13B 


0.9700 


C14— C15 


1.454 (5) 


C14— H14A 


0.9700 


C14— H14B 


0.9700 


C15— H15A 


0.9600 


C15— H15B 


0.9600 


v^i J -Til JV^ 


U. 7UWW 


C16— N4 


1.463 (3) 


C16— C17 


1.495 (4) 


C16— H16A 


0.9700 


C16— H16B 


0.9700 


C17— C18 


1.499 (4) 


C17— H17A 


0.9700 


C6— CI— C2 


121.7(2) 


C6— CI— Cll 


119.0 (2) 


C2— CI— Cll 


119.3(2) 



C17— H17B 


0.9700 


C18— C19 


1.520 (6) 


C18— H18A 


0.9700 


C18— H18B 


0.9700 


C19— C20 


1.448 (6) 


C19— H19A 


0.9700 


C19— H19B 


0.9700 


C20— H20A 


0.9600 


C20— H20B 


0.9600 


C20— H20C 


0.9600 


C21— N3 


1.353 (3) 


C21— C31 


1.377 (3) 


C21— H21 


0.9300 


C22— C27 


1.372 (3) 


C22— C23 


1.380 (3) 


C22— N3 


1.434 (3) 


C23— C24 


1.368 (4) 


C23— H23 


0.9300 


C24— C25 


1.371 (5) 


C24— H24 


0.9300 


C25— C26 


1.374 (5) 


C25— H25 


0.9300 


C26— C27 


1.376 (4) 


C26— H26 


0.9300 


C27— H27 


0.9300 


C28— 03 


1.210(3) 


C28— 02' 


1.319(9) 


C28— 02 


1.383 (7) 


C28— C31 


1.453 (3) 


02— C29 


1.496(10) 


C29— C30 


1.514(8) 


C29— H29A 


0.9700 


C29— H29B 


0.9700 


C30— H30A 


0.9600 


C30— H30B 


0.9600 


C30— H30C 


0.9600 


02'— C29' 


1.450(9) 


C29'— C30' 


1.505 (9) 


C29'— H29C 


0.9700 


C29'— H29D 


0.9700 


C30'— H30D 


0.9600 


C30'— H30E 


0.9600 


C30'— H30F 


0.9600 


C17— C18— H18B 


108.5 


C19— C18— H18B 


108.5 


H18A— C18— H18B 


107.5 
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CI — C2 — L3 


118.0 (2) 


CI — Cz — ^H2 


120.6 


C3 — C2 — H2 


liO.O 


C4 — L3 — C2 


liO.O (i) 


"nn 

C4 — — Hi 


1 OA A 
liO.O 


C2 — C3 — H3 


120.0 


C5 — C4 — C3 


120.3 (2) 


C5 — C4 — N 1 


1 1 A T 

119.3 (2) 


C J — C4 — N 1 


1 A 1 / 1 A\ 

120.31 (19) 


C4 — C5 — Co 


120.2 (2) 


TTC 

C4 — C5 — H5 


1 1 A A 

119.9 


/^zT /^C TTC 

Co — C5 — H5 


1 1 A A 

119.9 


CI — Co — CD 


1 1 A A /0\ 

119.U (Z) 


CI — Co — Ho 


1 '^A C 

liO.5 


/^C /^ji^ TTzT 

C5 — Co — Ho 


1 OA C 

120.5 


Nz — C7 — N4 


1 1 A C\tl /I AA 

1 19.96 (19) 


XTO XT1 

JNz — C / — JNl 


123.54 (19) 


XT^ XT1 

N4 — C7 — N 1 


11^ /l'^ /I o\ 

116.42 (18) 


"vy^ /~^o /^r\ 

N2 — C8 — C9 


123.51 (18) 


xn /~^o /"^i 1 

N2 — Co — C3 1 


1 A C /I A\ 

129.65 (19) 


/"in /-io /"lO 1 

cy — Co — C3 i 


1 A/C OC / ION 

106.05 (18) 


/~*o /~<r\ XT'? 

Co — C9 — Jn3 


1 AO /I 0\ 

108.75 (18) 


Co — C9 — CIO 


1 TO /'I A\ 

122.38 (19) 


N3 — C9 — CIO 


1 ^ O O /I /I A\ 

128.34 (19) 


Ol — CIO — C9 


128.7 (2) 


Ol — CIO — Ni 


120.30 (19) 


C9 — CIO — Ni 


110.90 (18) 


N4 — Cll — C12 


1 1 T A /'I \ 

113.0 (2) 


N4 — Cii — HliA 


1 AA A 
109.0 


C12 — Cll — HllA 


109.0 


XT /I <^ 11 TT1 1 "n 

N4 — Cll — HUB 


109.0 


/~iii TTiin 

C12 — Cll — ^HllB 


1 AA A 

109.0 


TT11A ^11 TTIITJ 

HllA — Cll — HUB 


1 AT O 

107.8 


C13 — C12 — Cll 


113.8 (2) 


Cli — Clz — HlzA 


1 AO O 

108.8 


/~<11 i^l*^ TTI'^A 

Cll — C12 — ^H12A 


1 AO O 

108.8 


Cli — Clz — Hlzb 


1 AO O 

108.8 


1 1 1 T T 1 ^ T~l 

Cll — C12 — H12B 


108.8 


T T 1 'I A /" 1 T T 1 'I !""> 

H12A — C12 — H12B 


107.7 


Cli — C13 — C14 


114,7 (3) 


Cli — C13 — H13A 


1 AO 

108.6 


/—I l /—I 1 T TT 1 T A 

C14 — C13 — ^H13A 


108.6 


1 /~1 1 '> TT1 1T^ 

Cli — C13 — H13B 


1 AO Z" 

108.6 


C14 — C13— H13B 


108.6 


H13A— C13— H13B 


107.6 


C15— C14— C13 


115.1 (3) 


C15— C14— H14A 


108.5 


C13— C14— H14A 


108.5 


C15— C14— H14B 


108.5 



/"^ -N /\ /^1A /^10 

C20 — C 1 9 — C 1 8 


1 1 O 1 t A\ 

118.1 (4) 


/"' ^ r\ f~\ I rv TT 1 A A 

C20 — C 1 9 — H 1 9A 


107.8 


/~110 /~11A TT1AA 

C18 — C19 — ^H19A 


1 AT O 

107.8 


/~"^A 1 A TTl AT^ 

C20 — C19 — ^H19B 


1 AT O 

107.8 


/~^10 r^'\ C\ TT1 AT^ 

C 1 8 — C 1 9 — H 1 9B 


1 AT O 

107.8 


T T 1 A A 1 A T T 1 AT~> 

H19A — C19 — H19B 


107.1 


1 A /~^'^f\ TT'^A A 

C 1 9 — C20 — H20A 


1 AA C 

109.5 


C 1 9 — C20 — H20B 


1 AA C 

109.5 


H20A — C20 — H20B 


1 AA C 

109.5 


1 A f ^ '~\C\ T T'^ /\ /" 

C19 — C20 — H20C 


109.5 


HiOA — CiO — HiOC 


1 AA C 

109.5 


HiOB — CiO — HiOC 


1 AA C 

109.5 


XT'? 1 1 

JN 3 — Ci 1 — C3 1 


1 1 A 1 1 /I A\ 

110.33 (19) 


XT'? O'l 1 Ty^ 1 

JN3 — Cil — ^Hil 


124.8 


C31 — Cil — H21 


124.8 


C27 — C22 — C23 


1 'I A T \ 

120.7 (2) 


C2 / — C22 — JN3 


1 1 A A /0\ 

119.9 (2) 


C23 — C22 — Hi 


1 1 A /I /^^\ 

119.4 (2) 


C24 — C23 — C22 


120.4 (3) 


r^'^ A /~^T1 TTTl 

C24 — C23 — ^H23 


1 1 A O 

119.8 


/"^'^'^ /~^T> TT'^'J 

C22 — C23 — H23 


1 1 A O 

119.8 


C23 — C24 — C25 


1 1 A 1 

119.1 (3) 


C23 — C24 — H24 


120.5 


C25 — C24 — H24 


1 'lA C 

120.5 


C24 — C25 — C26 


1 '>A £ /'?\ 

120.6 (3) 


C24 — C25 — H25 


119.7 


C26 — C25 — H25 


119.7 


/^'^c t^'~\£. r~^^n 

C25 — C26 — C27 


120.5 (3) 


r^^z r^^c xj'^^ 
Ci5 — Ci6 — ^Hi6 


1 1 A T 
119. / 


C27 — C26 — H26 


119.7 


/~^Ti r^'^n t~^'~\£^ 

— C27 — C26 


1 1 O T \ 

118.7 (3) 


/"^'^O /~^T7 TT'^T 

C22 — C27 — ^H27 


1 '^A n 

120.7 


/^O/T /^T7 XJT7 

C2o — C2 / — ril i 


1 1A n 
liO. / 


03 — C28 — 02 


lii.2 (4) 


03 — C28 — 02 


122.0 (3) 


Ui Ci 8 — Ui 


O'? A / A\ 

23.0 (4) 


03 — Ci8 — Ci 1 


124.2 (2) 


Oi — Ci8 — C31 


111.8 (4) 


02 — C28 — C3 1 


1 1 O A /T \ 

113.0 (3) 


Ci8 — Ui — Ci9 


1 1 o A /n\ 

118.9 (7) 


Ui — Ci9 — C3U 


1 1 A A /0\ 

110.0 (8) 


r^'^Ci TnA A 

Ui — Ci9 — ^Hi9A 


1 A A T 

109.7 


/~''?A /~*'^A xy^A A 

C30 — Ci9 — Hi9A 


1 AA T 

109.7 


02— C29— H29B 


109.7 


C30— C29— H29B 


109.7 


H29A— C29— H29B 


108.2 


C28— 02'— C29' 


115.2 (7) 


02'— C29'— C30' 


114.0(8) 


02'— C29'— H29C 


108.8 
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C13— C14— H14B 
H14A— C14— H14B 
C14— C15— H15A 
C14— C15— H15B 
H15A— C15— H15B 
C14— C15— H15C 
H15A— C15— H15C 
H15B— C15— H15C 
N4— C16— C17 
N4— C16— H16A 
C17— C16— H16A 
N4— C16— H16B 
C17— C16— H16B 
H16A— C16— H16B 
C16— C17— C18 
C16— C17— H17A 
C18— C17— H17A 
C16— C17— H17B 
C18— C17— H17B 
H17A— C17— H17B 
C17— CIS— C19 
C17— CIS— H18A 
C19— CIS— H18A 



108.5 

107.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

114.1 (2) 

108.7 

108.7 

108.7 

108.7 

107.6 

114.5 (3) 

108.6 

108.6 

108.6 

108.6 

107.6 

115.1 (3) 

108.5 

108.5 



C30'— C29'— H29C 
02'— C29'— H29D 
C30'— C29'— H29D 
H29C— C29'— H29D 
C29'— C30'— H30D 
C29'— C30'— H30E 
H30D— C30'— H30E 
C29'— C30'— H30F 
H30D— C30'— H30F 
H30E— C30'— H30F 
C21— C31— CS 
C21— C31— C28 
C8— C31— C28 
C7— Nl— CIO 
C7— Nl— C4 
CIO— Nl— C4 
C7— N2— C8 
C21— N3— C9 
C21— N3— C22 
C9— N3— C22 
C7— N4— C16 
C7— N4— Cll 
C16— N4— Cll 



108.8 
108.8 
108.8 
107.6 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

106.30(18) 
121.2 (2) 
132.4 (2) 
123.25 (17) 
121.88(17) 
113.57(16) 
116.07(18) 
107.75 (17) 
124.40 (17) 
127.83 (17) 
115.76(19) 
118.94(19) 
114.48(19) 



C6— CI— C2— C3 
Cll— CI— C2— C3 
CI— C2— C3— C4 
C2— C3— C4— C5 
C2— C3— C4— Nl 
C3— C4— C5— C6 
Nl— C4— C5— C6 
C2— CI— C6— C5 
Cll— CI— C6— C5 
C4— C5— C6— CI 
N2— C8— C9— N3 
C31— C8— C9— N3 
N2— C8— C9— CIO 
C31— C8— C9— CIO 
C8— C9— CIO— 01 
N3— C9— CIO— 01 
C8— C9— CIO— Nl 
N3— C9— CIO— Nl 
N4— Cll— C12— C13 
Cll— C12— C13— C14 
C12— C13— C14— C15 
N4— CI 6— CI 7— CIS 
C16— C17— CIS— C19 
C17— C18— C19— C20 
C27— C22— C23— C24 



-0.8 (4) 
179.2 (2) 
-0.8 (4) 
1.9 (4) 
178.1 (2) 
-1.2(4) 
-177.5 (2) 
1.5 (4) 
-178.5 (2) 
-0.4 (4) 
-178.86 (18) 
1.0(2) 
-6.6 (3) 
173.22 (19) 
-174.2 (2) 
-3.5 (4) 
1.8(3) 
172.48 (19) 
-166.9(2) 
166.9 (3) 
-166.3 (3) 
176.9 (2) 
-178.8 (4) 
179.9 (5) 
-1.4(4) 



C9— C8— C31— C21 
N2— C8— C31— C28 
C9— C8— C31— C28 
03— C28— C31— C21 
02'— C2S— C31— C21 

02— C28— C31— C21 

03— C28— C31— CS 
02'— C28— C31— CS 
02— C2S— C31— CS 
N2— C7— Nl— CIO 
N4— C7— Nl— CIO 
N2— C7— Nl— C4 
N4— C7— Nl— C4 
01— CIO— Nl— C7 
C9— CIO— Nl— C7 
01— CIO— Nl— C4 
C9— CIO— Nl— C4 
C5— C4— Nl— C7 
C3— C4— Nl— C7 
C5— C4— Nl— CIO 
C3— C4— Nl— CIO 
N4— C7— N2— CS 
Nl— C7— N2— CS 
C9— C8— N2— C7 
C31— C8— N2— C7 



-1.4(2) 
0.6 (4) 
-179.2 (2) 
4.3 (4) 
169.4 (3) 
-165.7(3) 
-178.3 (2) 
-13.1 (5) 
11.8(4) 
-3.2 (3) 
-179.81 (19) 
162.9 (2) 
-13.7 (3) 
179.2 (2) 
2.8 (3) 
12.0 (3) 
-164.37 (17) 
-67.3 (3) 
116.4(2) 
100.1 (2) 
-76.2 (3) 
175.16(18) 
-1.4(3) 
6.2 (3) 
-173.6 (2) 
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N3 — Czz — Czi — Lz4 


-179.0 (2) 


1 1 XT') /~^a 

C J 1 — Cz 1 — N 5 — C 9 




A A 

-0.9 (2) 


C22 — C23 — C24 — C25 


1.3 (4) 


C3 1 — C2 1 — N3 — C22 




1 T O 1 A / 1 A\ 

178.10 (19) 


U2i — C24 — C25 — Czo 


-0.3 (5) 


/^n xTO /^'^ 1 

L 8 — C9 — 3 — L2 1 




A 1 /1\ 

-0.1 (2) 


C24 — C25 — L26 — L27 


-0.7 (5) 


f\ XT'? /^"^ 1 

C 1 0 — C9 — N 3 — C2 1 




—171.8 (2) 


Czi — Czz — Cz7 — Czo 


A A A \ 

0.4 (4) 


/^O /^r\ XT') /^T^ 

C8 — C9 — N3 — Czz 




1 '7 A AA / 1 A\ 

-179.00 (19) 


N3 — Czz — Cz7 — Czo 


178.0 (2) 


C 1 0 — C9 — M 3 — Cz2 




A ') /')\ 

9.3 (3) 


Cz5 — Czo — Cz7 — Czz 


0.7 (4) 


Cz7 — Cz2 — N 5 — Cz 1 




1 1 A 

— 121.0 (2) 


03 — Czs — Oz — Cz9 


6.3 (8) 


Cz3 — Czz — N3 — Czl 




56.0 (3) 


Uz — Czo — (Jz — Czy 


n 1 T / 1 c\ 

— y 1. / (1 jj 


Cz / — Czz — JN3 — C9 




C? T /')\ 

57.7 (3) 


C3 1 — C26 — 02 — C29 


176.5 (6) 


/^■T? /^'^O XT') /'^A 

C23 — C22 — N 3 — C9 




11/1 

—124.6 (2) 


C28 — 02 — C29 — C30 


76.2 (10) 


Jn2 — C7 — N4 — C16 




—16.0 (3) 


03 — C26 — 02 — C29 


— lo.Z (8) 


XT1 /^n XT /I 1 

N 1 — C 7 — N 4 — C 1 6 




160.8 (2) 


wz — \_/Zo wz — y^^y 


OU.O 


TvT? r7 "Mzl C 1 1 




iZO. J yZ. ) 


C31— C28— 02'— C29' 


178.3 (5) 


Nl— C7— N4— Cll 




-56.8 (3) 


C28— 02'— C29'— C30' 


-82.2 (10) 


C17— C16— N4— C7 




-69.9 (3) 


N3— C21— C31— C8 


1.4 (2) 


C17— C16— N4— Cll 




146.0 (2) 


N3— C21— C31— C28 


179.49 (19) 


C12— Cll— N4— C7 




135.7 (2) 


N2— C8— C31— C21 


178.4 (2) 


C12— Cll— N4— C16 




-81.4 (3) 


Hydrogen-bond geometry (A, °) 










Cg2 and Cg3 are the centroid of the N1,N2,C7-C10 and C1-C6 ring 


s, respectively. 






D—n-A 


D—n n-A 


D-A 


D—n-A 


C3— H3-03' 


0.93 


2.57 


3.469 (3) 


162 


C21— H21-03" 


0.93 


2.52 


3.375 (3) 


153 


C24— H24-01'" 


0.93 


2.58 


3.262 (4) 


131 


C\2—m2A-Cg3 


0.97 


2.77 


3.478 (4) 


131 


C\5—m5A-Cg2" 


0.96 


2.86 


3.683 (4) 


144 



Symmetry codes: (i) -x, -y, -z+1; (ii) -x-\, -y, -z+1; (iii) -x, -y-l, -z+1; (iv)x+l,>', z. 
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